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FOREWORD This report covers work accomplished by Raymond Loewy /William Snaith, Inc. 

for the Manned Spacecraft Center, Houston, Texas, from January 24, 1972 to 
January 27, 1973. 
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TASK Shuttle Orbiter Crew Compartment /X-Axis Docking 



rhe crew compartment has been reorganized to socially orient the space couches 
to allow the entire crew to have visual contact with each other. The couches 
can be tilted to suit individual preferences. 
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Launch entrance to the Hygiene Compartment is difficult. Extreme body maneuvering 



A1 - MSC Shuttle Orbiter Crew Compartment /X-Axis Docking 








A2 - Loewy/Snaith Crew Compartment Configuration 





partments. Located adjacent to the head, it is positioned on a wall opposite that of the 
escape hatch. The area has been designated to accommodate 6 men for 7 days, operated 
by either one galley attendant or each crewman. 
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Located opposite the emergency escape hatch and adjacent to the galley, the Hygiene 
Compartment has been positioned for easy access in all modes or orientation. Special 
attention has been paid to maneuvering into this facility during pre-launch hold periods 
(Figure A8). The orientation of the craft requires maneuvering down the walls of the 
craft to gain access from the rear bulkhead position. A gimbled collector unit enables 
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A4 - Loewy/Snaith Shuttle Orbiter Model in a Leisure A5 - Full Size Mock-Up of Food Management 

Orientation Compartment 
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A 7 " Ful1 Size Mock Up of Hygiene Compartment A9 - Hygiene Compartment Fecal/Urinal Collector 

Mock-Up in "I-G” Re-Entry Orientation 
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the fecal collector to be used in all phases of orientation including inter atmosphere 1-G 
Flight (Figure A9). This was accomplished by pivoting the collector around an axis 
to satisfy requirements in all attitudes. The handwash unit, fastened directly above, 
shifts into the various modes as does the fecal/urinal collector. All services to these 
units interface with the walls through the center of the pivot. 
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TASK Shuttle Orbiter Passenger Compartment/Flight Deck 
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LOEWY/SNAITH In this study of the Shuttle Orbiter Passenger Compartment, Raymond Loewy/ 
APPROACH William Snaith, Inc. was interested primarily in exploring solutions to the 

problems of "mounting and dismounting” the space couch in its various orienta- 
tions. The primary modes of orientation within the Shuttle Orbiter include: 



B2 - Compartment Configuration B4 - Space Couches Positioned Horizontally 










as partitions to create semi-private quarters during sleep and provide areas for 
temporary clothing storage . 
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APPROACH A Modular Compartment Environmental Systems . 



B6 - Couches Utilizing Partitions to Create Semi- B8 - Adjustable Couch Held in Place by Spring Tensio 

Private Quarters Posts 







APPROACH B Tracked Compartment Environmental System (Figures B9-B12). 
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Figure B8 provides extreme flexibility in compartment configurations because of 



To increase accessibility to the space couches in the various modes of orientation, 
articulations have been incorporated. These maneuvers create adjustments which 


% 

5§ 

O 

> 

n 

x 

n 


Co 


to 


S? 5 

co rt 


P 


co 

o 

ft 

■a 

(-*• 

o 

3 


O 

& 

ft 

n> 

a. 

8 

<D 

n 

o 

8 

o' 

S 

g 

ft 

ft 

o 

3 


M 

s 

<D 

cn 

03 

3 

o 

o 

3 


3 

8 

n> 

03 

03 


8 

o 

o 

3 

3 

o 

a 

ft 

fD 


<13 

3 

O 

3 “ 


'ft 

<D 

3 

O' 


3 

O 


C 

3. 

rt 

CO 


P 4 

CO 


CL 
*— • 
P 

I 

O' 

c5 


o 

3 

a 

03 


03 

I 

I 

£ 

T? 

03 


O 


H 

3 

8 

ST 

03 

ft 

I 

<D 

3 

3 

><1 


8 

ST 


50 

(1) 

3 

o 

< 

6 

<d 

8 

CD 

H- 1 • 

CO 

CD 

B 

O' 

t— * 
(6 


O 

a 

ft 


3 

<13 

3 

3 

3J 


3 

<C 

3 

o 

< 

<13 


> 


rt 

r£J 

CD 

CO 


8 

3_ 


o 

3 

<D 

ft 

<D 

>0 

a> 

3 

3 

X3 

3 

O 

<t> 


<5 

3 

m- 

H 

O 

3 

3 

<t> 

ft 

3 

H-* 

0 
O' 

1 

*8 

3 


3 

OX? 


sr 


g 


6 

Cfq 

H* 

P 

1 

o 

i-t 

■ > 

<13 

X 


ft 

B 

CO 

*8 

£ 

o 

o 

t 

CD 

3 

3 

M* 

0 


g ffua. 

2 <t> p 


s? 

3 

O 

H 


O 

3 


ft. 

<D 

3 


O O' 
<D <D 
3 ~ 


3 



BIO - Space Couch and Track Detail B12 - Environmental Variations 









B14 - Revolving Cylinders for Easy Access B16 - Multiple Configurations 







Flexibility of compartment configurations. 
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increase the amount of compartment configurations variations , as well as main- 



flight deck and passenger compartment is illustrated in Figure B18. A relatively 
open scheme by "floating" the central deck creates passage access on both sides 
of the spacecraft. It visually extends one area into the next, it enables partial 
visual communications and adequate maneuvering area to translate from the flight 
deck to the passenger compartment, yet allows for individual compartment identity. 
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-visual communications provided. 



B18 - Flight Deck Crew and Area Configuration 
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TASK Restraint System for Hygiene Facility (Phase I). 



utilize space opposite the collector unit. An interior area of 40" X 30" is necessary 
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C3 Economy of Space by Placing Handwash Unit and C5 Hygiene Facility Thigh Restraint 

Fecal Urinal Collector on Adjacent Walls 







C7 Hygiene Facility Shoulder Restraint C9 Hygiene Facility Shoulder Restraint 





Cll Hygiene Facility Elbow /Shoulder Restraint 











LOEWY SNAITH This arrangement allows for location of all facilities requiring plumbing and back-up 

APPROACH A volume to be in one compact space keeping piping and service runs to a minimum. 

FIGURES C12-C14 
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C13 Loewy/Snaith Approach A — Perspective 






by walking vertically through door. 
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All mobility aids and restraints are built in or flush with the adjacent surfaces 
in the area in which they are located. This approach required the minimum total 
volume of all concepts studied with no reduction in maneuvering ease. 



C14 Loewy/Snaith Approach A - Integrated into a MSC Scheme 








C16 Loewy/Snaith Approach B in Perspective 








C17 Loewy/Snaith Approach C - Mechanical 
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By placing the fecal/urinal collector and the handwash unit on adjacent walls, 
excess plumbing and overall equipment volume was minimized. 



C19 Hygiene Restraint with Lap Pressure ,21 Portable Belt Restraint 








C24 - Waste Management Volumetric Comparisons 




Reproduced from 
best available copy. 




Required restraints and mobility aids appear to be: 
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Foot restraint /rail (available for use at crewman's discretion). 
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PRELIMINARY PASSENGER Figure D1 illustrates the concept of minimizing the structural components 

COUCH STUDIES and extending the couch padding to provide more usable area for body support 

This concept restricts the support to two basic configurations, bent 
legged for launch and straight legged for sleep. Figures D2 and D3 
accomplish this adjustment by revolving the leg section 180° to expose 
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D2 Preliminary Fixed Adjustment Small Passenger D4 Preliminary Adjustable Link Couch 

Couch 








D6 Minimal Structure Couch - Approach A D8 Exploded View of Small Passenger Couch - 

Approach B 
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the flat section necessary for the sleep mode. Figures D4 and D5 incor- 
porate an adjustable link which stores flat to reposition the couch from 
an angled launch and sleep orientation to a flat sleep mode . 



DIO Small Passenger Couch with Extension Beam D12 Couch Design Configuration - Approach B 

Privacy Screen - Approach B2 









In the sleep mode , a canopy unit pivots along the axis of couch rotation 
from behind, to a position over the crewman's head. 
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D14 Small Passenger Couch Cradle Concept - D16 Cradle Concept - Approach C 

Approach C 







D18 Pivotal Link Configuration - Approach D D20 Link Couch Schematic - Approach D 
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SMALL PASSENGER The integral sleep compartment concepts of Scheme "B" and volume re 

COUCH STUDY COMMENTS duction of Scheme "D", were considered desirable features. A break- 

down requirement for the couch to fold to 28 "W X 28 "D X 39 "L was in- 
troduced late in the concept development to allow for removal of the 



Frozen foods will not be considered for the 42 man/day mission. 
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TASK Food System and Galley 
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TASK OBJECTIVES To develop food system and galley concepts which emphasize: 

















soup and salad choice was offered. 
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Refrigerator access requires attendant to step back and bend. 



At the meal’s completion, the food trays are returned to the galley and 
placed into their cavities. Empty cans are placed into the waste container. 
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Food Volumetric Quantities 



E3 Galley Concept - Approach A 













E5 Galley Perspective - Approach A E7 Restraint Perspective 
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APPROACH B To limit the amount of involvement which is required by the attendai 

FIGURES E8-E11 Approach B eliminates the food heating procedure. Heating coils in 

the food trays enable individual crewmen to warm their own food at 



E8 Galley Concept of Pre-Packaged Meals - Approach B 






E10 Perspective of Possible Orientation Within Craft Ell Adjustable Restraint 










holes with an identifying perforated tape. By pulling on the tape "p ull 
tab", the required number of cans of a given type may be removed. When 
the tape is parted, the remaining cans stay at the front of the pidgeonhole 
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E12 Galley Concept - Approach C 










E14 Individual and Master Menu Cards E15 Perspective of Attendant Preparing Meal - 

Approach C 















units. From the results, it appears that the total volume for a food sys- 
tem and galley need not exceed a 56 cu. ft. excluding standing volume. 
This figure is sufficient to include all necessary hardware. 
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Three menus are issued to each crewman representing the three meals 
of each day for this mission duration. Meal items are printed on ad- 
hesive labels which are pre-arranged on the menu. Labels would in- 
dicate in which of the three storage areas an item may be found. Should 



































































sion of the existing circulation system. Established odor sequence (low 
to high) follows: pant’s jackets, socks, shoes, undershirt and briefs. 
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SECTION 





Clothing should be stored in such a manner as to permit adequate ventila- 
tion around it and prevent garments from becoming wrinkled. 



F2 Accepted Clothing Layout - Schematic F4 MSC Existing Clothing Storage Concept 
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F6 Partitioned Cavity Restraint - Individual F8 Partitioned Cavity Restraint - Netting Restrained 

Article Compartment 









F10 Minimum Area Restraints - Rotary Wire Frames F12 Minimum Area Restraint - Continuous Belt 











In Figure F10, tubular frames fold into each other to produce a flat 
unit. When clothing is restrained, high odor items are pivoted to a 
down position, while lower odor items are restrained in the up position. 



elbow restraint system. Specifically, the study was to examine the problem 
of adapting the system to personnel from 5% female to 95% male. Adjust- 
ments, if necessary, should be accomplished without utilizing mechanical 


H 

> 

co 

O 

<52 

td 


< 

m 

CO 


On 


cji 




co 


DO 


a 

> 

M 

> 

co 

CO 


M 

a 


o 


tfl 

W 


co 

M 

rN 


s 

co 

n 

Hi 

cd 

►o 

s 

CO 

rt 

<T> 

a 


P 

a 

I 

I 

►— * 

o 

Hi 

?r 

cr 

a> 

& 


rt 

CD 

a 


a 

CD 

< 

CD 

O 


CD 

3 


& 

cd 


> 

a 

P 

*3 

P 

E 

CD 

H 

O 

3 

cn 

S’ 

3 

£ 

CD 


NO 
cn 

S 3 

3 

P 

►— » _ 

n> t* 


o 

% 

3 


H 

CD 

O 


.O 

3 

CD 

CD 


Hi 

CD 

CO 

rt 

Hi 

P 


CO 

cr 

o 

c 

t— 1 

a 

tr 

CD 

CO 


CD 


J? 

CD 

CD 


Hi 

CD 

CO 

rt 

Hi 

P 


CO 

g* 

3 


tx 

CD 

rf 

E T 
CD 

O 

TJ 

& 

o 

S 3 

o 

Ht> 

rt 

8* 


S3 

& 

2. 

& 

P 


s d 

CD 

CD 


< 

O H- • 


■g 


o 

Hh 

Hi 

CD 

CD 


3. 


p 

Hi 

CD 

3 

CD 

O 

CD 

CD 

CO 


3 

8* 

3 

C 

co 

M* 

3 

Oq 

rt 

ST 

CD 

CD 

o 

p 


c 

Hi 

3 

P 

i— < 

O 

o 

I—' 

I—* 

CD 

0 

1 


CD 

3 

M* 

rt 

E 

3 

rt 

ST 

CD 


0 

1 

n> 

(D 

w 


5* CD 
nS CO 

*3. $ 
g 5* 

3 t— 
CD rt- 

y cn 

rt> ►j* 

8 S 
2. a 

p 

• rt 

ST 

CD 

P 

O 

o 

CD 

■o 

rt 

CD 

a 

3 

p 

8 

% 

CD 

Hi 

»-*• 

c 8 

CD 

•o 

8 

CD 

P 

3 

a 


CD 

P 

Hi 


a 

CD 

< 

CD 


■8 


S 

p 

»-*• 

N 

a> 

rt 

8* 

8 

o 

CD 

V, 

CD 

a 


CD 

8* 

•8 

a 

$ 

CD 

3 

CD 

O 

o 

3 

T> 

P 

Hi 


CD 

3 


r 

o 

CD 


CO 

3 

P 


CO 

a 


> 

X) 

Hi 

!-*• 

I—* 

cn 


NO 

DO 


s 

CO 

Q 


9 

a 

o 

3 
W 

N< 

co 

P 

4 


TASK Restraint System for Hygiene Facility (Phase II) 



Lateral head clearance has been increased over the fecal collector. The 
previously peaked vertical height, diagonally opposite the slinger, has been 
squared. 


to 



co 


to 1— 


a 

x 

i—i 

H 

S 

o 

> 

Sci 

o 

> 

o 


> 

r 

CZ> 

o 

sd 


n 


O 

G 

r 

m 



O H 
co B 8 
to r " 

m CD 

3 5' h 

2 , ^ n> rt‘ 

o ’g 

^ m o' 
CD P CD O 

3* 2- ^ 
cd o p 

tf 

& J 5 

ml 

Slit 

o rt ff 2. 

g F J & 

n> w ^ 

S- 8* & § 

CD CD ft 

0 3 I 3. 
g. e* 


■5 


5 O 

c CD 
E «» 
P CO 


cd 
o 

3 5 

2 p 
S t» 

15 (t ff tf 
CD O' P P 
to n> 5 03 

a. S o. - 

3. cr ?d 

^ E O CD 
* t. >— 1 1 S 
s m 
(E oj 


X> 

e. w 

P CO 


g 3 

r« S 

CD 


S 5* 

H V) 


g 

CD 

CO 

CO 


CD 


il 


3 

R- 

CD 

P 

cr 

*r 

•§ 


o 

H 

8 

*8 

H 

co 

0 

1 

H- 

P 

CO 


CO 


3 

CD 

co 

£ 

P 

M- 

a 


sr 

»-»• 

<fq 


8 

5 

(5 

O 

8 


■g 8* 

M\ 

< c M 

CD co 3 
cd cd 

h Q,hD 

cd r c 

CO ft' 
i-i n 

H i-l CD 
fi. CD “ 

8| & 

vj H - 
co p 
57 H 

CD v<* 

e S 


o 
o 
p 

to 
o 
1-*' 
o 
e 

o 03 

CD q, oj 

S “ 

P O 


8 S- 


fi 

CD 

i 


w 

! 

» 

CD 

CO 

c-f 

3 

3. 

a 


8* 


i-t 

CD 


CD 

p 

3 

8 

B* 

3. 

CO 

3 

3 

CO 

o 


CD 

P 

CO 


p 

B. 

T3 

3 

O 

<1 

CD 


O 

3 

r-f 

rl 

O 

O 

I— • 

CD 

P 

3 


8 


CD 

B 

■8 

I 

g 

CD 

s* 

CD 

3 

CD 

3 

& 


XJ 

CD 

3 

o 

r+ 

M- 

O 

P 

CO 


W 

■§ 

CO 

CD 

P 

CO 


R 

CD 

P 

CO 

o 

o 

£ 

8 


8* 


CO 

o 

O 

P 

CO 

I-*" 

Q* 

CD 

3 

CD 

P 


& 

CD 

CO 

tr 

! 


r 

p 

I 

S3 

CD 

s 

l-t 

3. 


t ft 

3 

3* 

X) 

CD 

CO 

CD 

B 

3 

o' 

3 

P 

co 

CO 

o 

8* 

& 
H- 1 

CD 

P 

o’ 

3 


3 

'C 

co 


vO 

<i 

to 


CO 



G1 - Waste Management Area of the Shuttle Orbiter - Phase II Variation 





G2 - Waste Management Area of the Shuttle Orbiter - 5% Female to 95% Male Elbow and Knee Locations 
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G4 - Dimensions of Seated Personnel Using Wipes. G6 - 95% Male Pictorial Study 

50% and 95% Male 








G8 - 5% Female Pictorial Study 
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G10 - Semi-Rigid Belt with Coupler Fastener G12 - Restraint Belt with M inimum Coupler Surface 









G14 - Tension Thigh Restraint G16 - Flexible Rear-Mounted Restraint 








Three points of restraint (defined by Martin Neutral Buoyancy Study) : 
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G18 - Moveable Inertia Reel Restraint Utilizing Guide 
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Skewed Z-Axis Dock/Airlock System Shuttle Orbiter 1/20 Scale Model 
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ANALYSIS OF 
EXISTING APPROACH 
FIGURE HI 



HI - Existing MSC Skewed Z-Axis Docking/Airlock System 



COUCHES • CHIN AftCA 




H2 - Loewy/Snaith Proposed Skewed Z-Axis Docking/Airlock System 







H4 - Perspective View of Shuttle Orbiter Scale Model H6 - Shuttle Orbiter Scale Model - Viewing Back Side o 

Falley and Head 
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ANALYSIS OF Flexible restraint concepts were developed in early work bench studies to 
EXISTING CONCEPT allow for lateral or radial movement. 
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TASK Positive Flexible Restraints (Phase I) 
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Comments (Figure II) 



1-1 - Preliminary Concept for Adjustable 1-3 - Preliminary Concept of Radial Restraint 

Thigh Restraint 







Difficult ingress and egress. 
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1-5 - Reconfigured Heel Snaps into Floor Mounted 1-7 - Cushioned Bar Restraint 

Fasteners 









o 


o 

c 

50 

> 

43 

50 

O 

> 

n 

X 


to 


p 


p 


to 


Pi 


to a- 

cd 2 


M 


to 


8 « a 


CD 

,0. 

fs 

50 

CD 

to 

rt 

P 

ft 

CO 

/-V 

eg 

HI 

0) 

CO 

HH 

ON 

I 


CO 

VO rt 

^ fD 

3 

CO 


g 8 « 

Ss p 

cr H o 

p p 4 

1 1 1 

& a " 

to 3 p 

►3 o 5 
a < & 

M 3 S' 

ag" 

4 " o 

CD cd 4 

2. < p 

* s | 

to *< 

*-P 


-3 

51* 

CD 

*a 

4 

O 

& 

3 

H*« 

o 


o a 

t-h CD 

4 ft 
CD 4 
CO p 
rt !—*• 

h a 

E. ^ 

3 S 

a *g 

2 ° 
2. a 

o 
CD 
to 


g* 

4 

O 

3 

CD 

O. 

OP 

CD 


rt 

53* 

CD 

* 

o 

4 

** 


p 

o 

CD 


H 

o 


3 

CD _. 

4 35 
CD g 

CD <! 
X n 
*T3 S' 
h— * CD 

4 5? 

3 o 

CD i-i 

a 


o 
o 
3 

£ H 

3 . o 

3 

op 


53 

CD 

3 
TO 
CD 

4 


S: 

p 

w- 

to 

rt 

3 

p 

** 

CD 

to 


2. 

to 

rt 

S 

0 

1 

CD 

a 

50 

CD 

to 

r-t 

4 

B. 

ft 

TO 

r*v 

►0 


CD 

TO 

I— i 

VO 


tn 


P 


* ’g 


g* 


P 


OP 

53* 

5d 

4 

H- 

o 

p 

o 

3 

O 

4 


CD 

4 

i— * 

O 

n 

9T 

w 

50 

CD 

to 

rt 

4 

P 


41 

t-T 

8 . 


Gi- 

ft 


S' 

TO 3 
53 * O 

O 

t-h 

ment, 

3 

TO 

O 3 
rt ^ 

>-*• 

3 

CD 

£ o 

CD 


a 

P H 

4 


p 

TO 

& 3 

O rj 
H CO 

r+> 

P 

O 

CD 

50 

CD 

TO 

P 

rt 

rt 


p 

3 
o 

4 
** 


R $ 

to ~ 
- to 

2> n> 

5rt* m 

CD CD 
O 4 

P £> 



3 HH 

j-K ^ 

rt 

CD 

CD 

CD 

53 

HH | 

4 

I—* 

CD 

ON ‘ 

HH 

rh 

CD 

3* 

CD 

3 


4 

CD 

p 

rt 

4 

J8 g 

s= 

3 

CD 

O 

£. £ 
4 £. 

r** 

rt 

53 

53 

CD 

a 

O 

a 



5d 

o 

o 

rt 

CD 

P 

4 

50 

CD 

O 

O 


1 

4 

ft 

o' 

3 

41 


vO 

cn 


CD 

TO 


cn 

■ 



1-9 - Sliding Arms Interfacing with Belt Loops 1-11 - Detail of Belt Mounted Bullet with Hole on 

Sliding Arm 










1-13 - Continuous Revolving Belt as Waist Restraint 1-15 - Adjustability of Slide Mounting Arm 

with Velcro Mating Surfaces as a Foot Restraint 









1-17 - Foot Restraint with Foam Pad and Tension 1-19 - Flexible Tension Members with Height and 

Adjustment Vertical Adjustment 








Figure J1 illustrates the use of a two-point attachment concept with a 
connecting band holding the straps in a convenient position for reattach- 
ment. Figure J2 restrains the crew from one point, a clip in the center 
belt area. Figures J3 - J4 are photographs of the demonstration model 
using these systems. 
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TASK Positive Restraints (Phase II) 



J2 - Continuous Revolving Belt with Single Center of J 4 - Demonstration Model of "D" Ring Fastening 

Belt Fastener Techniques 



Reproduced from 


J6 - Variations of Alternate Fasteners J8 - Detail of Fastener 
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J10 - Adjustable Toe Bar Mechanism J12 - Demonstration Model of Toe Bar Adjustment 



Reproduced from 
best available copy. 
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APPROACH B The concept shown in Figures J5 through J8 permits lateral movement 
by use of a sliding restraint device held in a track attached to the front 
edge of the work surface. The slide adjustment has a tightening device 
to stop side movement when not desired. Adjustable length arms contain 



but not functional. 
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TASK Shuttle Orbiter Passenger Couch - Full Scale Mock-Up 



K1 - Mechanical of Full Scale Visual Preliminary K3 - Preliminary Sketch of Couch with Privacy Screen 

Mock-Up 






K4 - Front View of Couch Scale Model K5 - Rear View of Couch Scale Model 






o 

G 

» 

“3 

o 
> 


w 


4^ 

I 

W 

00 




3 £ ! ? a 

<§^I I g 

S ^ “ 01 s 

O *-" r+ <* CD 

*€&§:« 

O' H c n n 

^ ® & s* g 

* * *? * e 

<§ w P> w 
H , ® P 

iu^ 

ps fc *‘ ° O i-» 

cr o o o- m 

a 5 o ® £ 

f» ® 6 & E. 

g 5 

a^&3 
° B' 9> e- B. 


o 

'-a 



CO 


CD 


P 


W 


ra ci) 


r-- 

o 


CO 


CD 



4 



"0 

H-* 

< 

PJ 

o 


£ 

8 

rt> 

3 





so 

> r 

33 HH 

O z 

> > 

O SO 

a -c 


M 

X 

G 5 

H 

° > 
o r 
o 

Z co 

n k 


m 

3 


o 

Sri 


H 

> 

co 

X 

O 

a 

M 


< 

M 

CO 


S> 

so 

> 

S 

w 

H 

to 

so 

CO 


g 

> 

co 

co 


to 

a 


n 

to 


to 

so 


co 

to 


2 £ so n 

W P M. 

||11 

- O CD 

OOP 
a cl 



3 

CO 

rt 

H 

Vic 
1 — 1 

r 

to 

o' o 

3 CD 

■» 

c 

o 

rt 

H 4 * 

r 

03 

1 

H- 4 * 

CO 

p 

►a a 

CD rr 

3^ 

O 

3 

CO 

r 


*-*• 

S3 

CD 

H-t 


t-L C - 

S g. 


■8 

3 


S3 

4 

o 

T3 
3 
CD 

*3 8 

2 B 

5 q 

CL 3 

e 2 

3 < 

« m. 

s 1 ! 

H S3 
^ P 
3 & 

« cd 

(0 a 

o 
cd 


p 


p 

a 

T3 

3 

CD 

p 

cd 

3 


& 


3 1 
CD 

n 

p p 

3 

CD CL 

'B- M . 

tr S 

t* 

CD CO 

3“ 


cd y 

CD g 

3 3 
Op Op 

&*8 

£ S. 

o 
a 

i— P 

o 
o 

3 
3 

CD 

g p 

a 

p 

3* o 

o o 

& 3 
a o> 
p 

3 


o 

Hti 

rt 

P 

P 

** 


P 


P 

CD _ 
►Q ft 

c a 

CD o 

g a 

S CD 

CD p 

• 3 

►— 

v; 

o 

3 


a 

a 

h- 4 * 

a> 

H-h 

k 

p 

i — 1 

o' 

S: 


CD 

B 

CD 

<< 

P 

t— * 

s 

rt 

H" 

O 

3 

P 


3 B 

■8 s- 

3 

CO £7 

O £ 

3 CD 


^ 

£ &4 


3 

CD 

rt 

a 


N 

CD JO 
rv 3 

W ' p 

3 ft- 
CD. a 
P - 
X) P 
O 
3 

CO 

a> 

CO 




00 


a 


CO 


a 

■3 

cd 

3 

a 

3 


vO 

^1 

to 


s 

CO 

O 


9 

a 

0 
3 

SO 

p 

1 


TASK Data Format Card 



LI - Esisting MSC Data Format Card L2 - Preliminary Revolving Format Card with 

Viewing Cut Out 









































L3 - Preliminary Format Card with Adjustable Sleeve L4 - Preliminary Format Card with Adjustable Insert 
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FINAL APPROACH Figures L5 and L6 show the final results in the development of a refined 

Data Format Card. Information has been displayed in an orderly sequence 
using shades of grey to visually relate similar areas. Instructions and 
ratings have been placed on the stationary sleeve while the tasks and 
equipment to be rated are on the sliding section. This positions only 



Final Mock-Up of Data Format Card (Front) L6 - Final Mock-Up of Data Format Card (Rear) 







TASK OBJECTIVES The portable unit, resupplied at che master stowage unit would contain 

limited supplies needed to clean these areas. 
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TASK Housekeeping Equipment Stowage 



No provision has been made for containing the vacuum hose while 
maneuvering throughout the spacecraft. 
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M2 - Preliminary Vac -Caddy Concept M4 - Preliminary Mock-Up of Vac -Caddy 




Pick up full G. P. bags, if necessary. 
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Using the work sequence described in paragraph 1.4 of the "Preliminary 
Design and Development of Housekeeping Systems for Manned Spacecraft", 
the following use description was established: 
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M6 - Preliminary Mock-Up of Side Mounted M8 - Mock-Up of Final Concept 

Vac -Caddy Concept 
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Figure M2 is a side mounted vac /caddy. The vac hose is stored in a 
peripheral recess. Shoulder and waist straps restrain it to the body. 
The minimal 3-1/2 inch width allows free arm movement. Overall 
size (14-1/2” X 18") was considered restricting and the layout was un- 
manageable by a left hander. 



M9 - Mechanical Drawing of Vac -Caddy 















- Illustration of Vac -Caddy Detail M16 - Photograph of Final Model 










M18 Vacuum and Caddy Unit in Two Parts M19 Vacuum and Caddy Unit Mounted on 

Attendant's Belt 




Frontal area size limitation, 24 " X 24 ", to facilitate movement in orbiter 
and limit weight to manageable limits . 
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TASK Shuttle Orbiter Storage Locker System 



Requirement to completely rebuild if one complete column were to be 
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Withstand intensive launch vibrations . 



N2 - Preliminary Storage Locker System with N4 - Preliminary Storage Locker Concept Wall 

Drawer Access Hung and Restrained 



best available copy. 









is still 18 inches , however , near the base of the curve , depths may be 
decreased at 6 inch increments. This takes advantage of otherwise unusable 
space behind the lockers or where available storage depth is less than 
18 inches. 
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No visible means of transporting individual lockers . 



N6 - Minimal Space Sliding Hardware for Use N8 - Sample Cross Section of Storage Locker 

of Small Depth Lockers Interior 








The interior of the master storage case may be divided up as required 
by using these extruded flat pallet inserts which interlock with the ex- 
truded inside walls of the master case and interlock with each other in 
the same manner. Using pallets as wide as the master case interior, 



& 

0 ) 

tr 

8 

Z 


B 

o 

p 

t» 


p 

g. 

I 

CD 

w* 

<§ 

c* 

sr 
►— > 
o 
o 
** 
CD 
H 


8 

CD 


The "shelf" feature under the lockers add support while loading units 
in 1-G and act as a bearing surface upon which the key slot brackets may 
be mounted. Threaded tension bars are utilized to torque the storage 
unit against the support wall. A disadvantage exists in the requirement 
for vertical space between each storage unit. The "key" requires sliding 
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the case can be subdivided vertically on one inch increments into any 
propositions desired relative to mission storage requirements. Sliding 
various length pallets into the case vertically between horizontal pallets 
allows one to subdivide the case horizontally as required. The end result 
of this system is that a totally flexible storage system from which in- 



N10 - Preliminary Locker Tray - Net Cover N12 - Preliminary Storage Locker Tray - Open Config- 

to Restrain Small Objects uration to Suspend Net Contained Small Objects 










The flexibility of the storage locker system is dramatized in Figures 
N20-N22. The "C" shaped extrusions allow one or many component 
laden trays to be mounted in the same locker horizontally or vertically 
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extrusion adaption insert which would be used to form tray groupings 
as in Figure N 22 . The extrusion on these trays would have the 
identical tray restraining capabilities as those mounted on the interior 


d 


S Tl 

CD w- 

a 


co 
- CD 

cd 05 

P z 
P. to 

43 *>. 

3 z 

§ § 

R oo 


8 

0 ) 

CO 


0 

H 

cd 

8 § 

| • 

1 g 

CO q 
O S3 

a *- 

& o 
CD a 
o 

H <8 

3 ^ 

o’ 

* 

w. a 
Cb CD 

n w 


cd 


H 
a 

z a 

to p. 

^ a 

M- 

co 0 

p o 
a 3 


8 d 

o 

a s 

3 


§ 


rt rt- 

a* cd 

CD 3 


& 

a 

cd 

o 

p 

o 

a 


8 
►— 
o 
a 

3 

M* 

IP 

M* 

5 ^ 

g, CD 
£ 8 
a* & 

tj, M* 
CO 

6 8 * 
M Q. 

CO rt 
pj n> 

s ° 

0 j-j- 

4 S S 

* 2 

a ° 
a* r-f 

(D CD 

_ a 

1 a. 

I s- 

a ro 
o B 


i && 


CO o 

H 

CD 


n 

0 

1 

a 

CD 

» 

CD 

CO 

rt 

a 

e. 

3 

CO 


8*3 
& * 
«8 8 

§ £ 
rt CTQ 
O 


£ 
CD 
r * 

a 


8 

rt 

rt- 

O 

a 

o 

p 

a 


5 * a* 

a cd 

& p 
CD o 
• o 
o 

3 

43 

t=t 

co 

8 “ 

a 


a* 

& 

CD 

rt 

I 

3 

a 

3 

b: 

CD 


a 

*<s 


O £ 

rt 3 
& 3 . 

CD O 

sr 8 


ju n 

» 3 

o ° 

B 8 

CD CD _ . . 

a a c a 


o P 


*8 


O CD P 
M 3 H 03 

p, a » p 

§ STf & 

3 Mi CD ft 

a 3 “ a 

a o cd 

td h-K rn 


5 ' Er 

a » 
cd a 

3 3 

1 1 

w 

n q. 

rt 

ag 


£ > 

d “ 

II 

U* CO 

ft 

p 


El 

CO 

o 

a 


CD 

a 


£ 

CD 

CO 

rt 

O 

a 

p 


*8 


H 

8 * 

& 

I 

CD 

a 



P Cl 
< CD 

£ 1 ? 

I| 

CD 5 

• Oq 
o 
a 

o 

a 

CD 

3 

p. 

o 

a 

a 

CD 

•a 

3 . 

a 

CD 

3 

CD 

3 

CO 

a 

CD 

M- * 

P 

P- 

< 

CD 

rt 

O 

o 

i— * 

o 

p 

a 

CO 

p 

B. 

co 

8 

CD 


OO 

O' 













N26 - Adhesive Foam Surface Restraint for N28 - Netting Enclosure for Storage Tray Restraint 

Storage Tray 
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Figure N25 is a general purpose restraint, an insert used mainly 
for larger objects sealed in a container. Straps in two directions 
would prevent the expected vibrations from shifting the object free. 



N31 - Storage Locker Demonstration Model N33 - Inside View of 24" X 24" X 18" Storage Modul 

Illustrating Support Wall and Module Breakup in Place 
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N35 - Detail of Back Surface of Storage Locker N37 - Storage Locker Tray Details 




